Summary Polyphenol intake has been estimated in some populations; however, information about day-to-day and individual differences in polyphenol intake has not been wellevaluated. In this study, we aimed to examine within-and between-individual variation in polyphenol intake in Japanese male workers. First, 56 male subjects (aged 37.9610.4 y) completed detailed 7-d dietary records (DR). We then calculated their total polyphenol intake using our polyphenol content database and the within-and between-individual variations. We also estimated the minimum number of days of dietary assessment required both to rank individuals within a group and to assess an individual's usual polyphenol intake with acceptable accuracy. The estimated daily total polyphenol intake was 9656471 mg/d, which was largely sourced from beverages. The day-to-day variation (CVw) for polyphenol intake was 43.6%, and the variation between the individuals in the population (CVb) for polyphenol intake was 45.9%. A 4-d DR was required to rank individuals within a group with high correlation coefficients (r50.9), and a 19-d DR was required to assess the individual's usual polyphenol intake with 20% deviation. The CVw for polyphenol intake was intermediate between those of the other nutrients, but the CVb for polyphenol intake was largest among the nutrients. These results suggest that the dietary intake of polyphenols should be carefully estimated considering its within-and between-individual variation.
Polyphenols are present in most foods and beverages of plant origin, such as coffee, teas, wine, vegetables, and fruits (1) , and their health benefits have been widely identified. Epidemiological studies have shown that diets rich in polyphenols could reduce the risk of cardiovascular diseases (CVD) (2) (3) (4) . Since comprehensive databases of the polyphenol content of foods such as the United States Department of Agriculture (USDA) Database for the Flavonoid Content of Selected Foods (5) and the Phenol-Explorer databases (6, 7) were established, many investigations of dietary polyphenol intake have been reported from the USA and European countries (8) (9) (10) (11) .
We have developed an original polyphenol content database and estimated the total polyphenol intake in several Japanese populations using non-weighed dietary records (DRs) (only for beverages or menu-based diet) or food frequency questionnaires (FFQs) (12) (13) (14) (15) . Our previous studies consistently identified that beverages accounted for approx. 80% of the total intake, and that coffee and green tea were the major sources of dietary polyphenol in Japanese populations (12) (13) (14) (15) .
Although dietary polyphenol intake has been estimated from several dietary assessments, i.e. 24-h dietary recall (8) (9) (10) (11) 16) , FFQs (15, (17) (18) (19) (20) , and several-day food diaries (13, 21) , no methodological study has been performed to estimate polyphenol intake. Dietary assess-ment is usually conducted for the purpose of ranking individuals within a group, or assessing an individual's usual intake. To choose an appropriate method, it is essential to know how many days of food consumption are necessary by considering within-and between-individual variation. However, information on within-and between-individual variation in polyphenol intake is lacking.
In this study, we aimed to estimate the polyphenol intake among Japanese male workers using detailed 7-d DRs and to examine the within-and between-individual variation. In addition, we calculated the number of days of DRs required both to rank individuals within a group and to estimate an individual's usual intake.
MATERIALS AND METHODS

Subjects and design.
We collected the DRs during the pre-intervention period of three intervention trials with Japanese males working in Tokyo. This was carried out by our group in the autumn to winter of 2013-2015. A sample size of 50 was determined based on a previous related study (22) . This study was conducted according to the guidelines laid down in the Declaration of Helsinki and all procedures involving human subjects were approved by the Ethics Committee of Ochanomizu University (No. 2015-15) . Written informed consent was obtained from all subjects.
The DRs from 56 subjects who were instructed to maintain their regular dietary habits and to record and take pictures of the contents of their daily meals, snacks, and beverages for 7 consecutive days were analyzed. As a supplement, 37 of the subjects answered our originally developed FFQ on polyphenol intake which assesses the intake of 66 foods and 23 beverages that are significant items rich in polyphenols according to our previous studies (12, 13) .
Dietary analysis and estimation of dietary polyphenols. The collected diet diaries were checked by experienced dietitians, and the subjects' daily intakes of energy and nutrients were calculated from the diary record on the basis of the 2010 Standard Tables of Food Composition in Japan (23) .
As for the estimation of dietary polyphenol, we used our original database of the polyphenol content of 627 items; the main values from this database were described in previous reports (12, 13, 15) . We calculated the daily polyphenol intake by matching the food consumption data from DRs with the polyphenol content in the foods and beverages.
Clinical measurements. Subjects came to the laboratory on the morning of the day after they had finished the 7-d DR. In the 12 h before the blood samplings, participants were not permitted to eat or drink except for water and to smoke. Weight, abdominal circumference and blood pressure were measured. Blood samples were drawn from an antecubital vein and collected into tubes containing clot accelerant for the separation of serum. The analysis of blood biochemistry was performed by SRL (Tokyo).
Statistical analysis. All data were expressed as means6standard deviation (SD). Coefficients of withinindividual variation (CVw) and between-individual variation (CVb) for polyphenol and nutrient intakes were calculated using the mean and SD values. The number of days of DRs (NR) required to ensure a specified level of correlation coefficient (r) between the observed and usual mean intakes in individuals was calculated using the following formula: NR5[r 2 /(12r 2 )]3within-individual/between-individual variance ratio (VR) (24) . The number of days of DRs (NI) required to estimate mean intakes with 95% confidence intervals (CIs) within the specified percentage deviation (D) of individual mean from usual mean intake based on CVw was calculated using the following formula: NI5(1.963CVw/D) 2 (24) . Values of p,0.05 were considered statistically significant. All statistical analyses were conducted with GraphPad Prism 5.0 (GraphPad Software, La Jolla, CA).
RESULTS
Subjects' characteristics
The characteristics of the 56 male subjects are shown in Table 1 . The mean age was 37.9610.4 y (range 27-62 y), and the average body mass index (BMI) was 23.162.6 kg/m 2 . Some subjects had a moderately high cholesterol concentration, but none of them used cholesterol-lowering drugs. Ten of the subjects had a current smoking habit. The estimated daily energy was 2,1536389 kcal/d. The average dietary energy and nutrient intakes were almost the same as the average Japanese intakes referred to in the recent National Health and Nutrition Survey (25) and were almost equal to the quantities of the Dietary Reference Intakes for Japanese (2015) (26) .
Polyphenol intake
A total of 872 foods and beverages were recorded as consumed by all subjects in 7 d, and polyphenol content information for 627 of these items (72%) was given in our database. Weight-based information on the polyphenol contents was available for approximately 85% of the food and beverage items consumed, and for 97-98% of the food groups which contribute to polyphenol intake such as cereals, beverages, and seasonings and spices. The polyphenol intake is summarized in Table 2 . The subjects consumed 9656471 mg/d of polyphenols on average (range 193-2,650 mg/d). The polyphenol intake from beverages was 7686460 mg/d, accounting for 79.6% of the total polyphenol intake. Coffee was the largest source of polyphenol intake from all foods and beverages, accounting for 35.5%, and green tea, the second largest source, accounted for 29.3%. Polyphenol intake provided by vegetables was 6.1%, followed by seasonings and spices (i.e., soy sauce and miso) (5.2%) and cereals (3.8%).
Within-and between-individual variation in polyphenol intake
Within-and between-individual differences in polyphenol and nutrient intake are shown in Table 3 . The CV w for polyphenol intake from all foods and beverages was 43.6%, which ranked in about an intermediate position among the CVws for many vitamins and minerals. The CVb for polyphenol intake was 45.9%, which was the highest of the CVb values among the 27 nutrients.
DISCUSSION
In the present study, we conducted a survey of polyphenol intake in Japanese male workers, who consumed on average 9656471 mg/d of polyphenol. The dietary polyphenol intake was largely composed of beverages, which accounted for 79.6% of the intake. The day-today variation in polyphenol intake (CVw) was intermediate (43.6%) between those of the other nutrients. The variation in polyphenol intake between the individuals in the population (CVb) was higher (45.9%) than the CVb for any of the other nutrients. To our knowledge, this study is the first to examine within-and betweenindividual variation in dietary total polyphenol intake.
For most nutrients, it is well known that the withinindividual variation is greater than the between-individual variation. However, for polyphenol intake in this study, the between-individual variation was larger and the within-individual/between-individual variance ratio was low (0.90). The CVw and CVb for major nutrient intakes (e.g., protein, fat and carbohydrate) roughly corresponded to previous studies in Japanese populations (24, 27, 28) . For estimating polyphenol intake, the number of days required to rank individuals within a group with r50.9 was 4 d. Ouellette et al. examined the within-and between-person variations of macronutrients and antioxidants intakes in U.S. healthy young adults and reported that the minimum number of days required to rank individuals of total flavonoids, isoflavone, and procyanidins were 8, 23, and 7 d, respectively (22) . Since total polyphenol includes a wide variety of polyphenolic types and the intakes varied greatly from individual to individual, it seems that fewer days were required to rank individuals within a group. As for estimating an individual's usual total polyphenol intake with 95% CIs within 20% deviations, 19 d was required. Therefore, the use of more than 19 d of DRs or a quantitative FFQ covering about 1 mo might be suitable for assessing an individual's usual polyphenol intake. To estimate the group size (G) required to estimate a group's mean polyphenol intake with 95% CIs within the specified percentage deviation (D) of the group mean from the usual group mean intake, we used the following formula: G51. A group size of 39 was required within 20% deviation. Thus, this study's subject size was suitable to estimate a group's mean polyphenol intake. We previously reported that elderly Japanese individuals (n5610, mostly men, aged 52-89 y) consumed 1,4926665 mg/d of polyphenol, which was estimated using our originally developed FFQ over the previous month (15) . In the sub-analysis of the present study, the validity of polyphenol intake in 37 males who completed both 7-d DR and the FFQ was examined. No significant differences were observed in the estimated polyphenol intake between the 7-d DR and the FFQ, and positive correlations were found between them (r50.587).
Based on these findings, we consider that the value in this study is comparable to that in previous studies conducted using the FFQ to a large extent.
Our study has some limitations. Our study was crosssectional and not a population-based design. The subjects in this study were participants in other investigation trials, potentially introducing selection bias. It was reported that participants with higher coffee consumption smoked more (29, 30) , and smokers showed the highest intake of total polyphenols in Europe (11) . In our study, the energy-adjusted polyphenol intake in smokers was slightly higher than in non-smokers, but the number of smokers was not high enough to analyze CVw, coefficient of within-individual variation; CVb, coefficient of between-individual variation; VR, within-to betweenindividual variance ratio. the statistical differences between them and the nonsmokers. It was also important to note that the percentage of smokers among the subjects was smaller than that among general Japanese male adults, potentially introducing an underestimation of their mean polyphenol intake.
The present study also has strengths. We investigated the subjects' usual daily diet in order to elucidate their regular dietary habits in a detailed manner. We recorded and took pictures of the contents of their daily meals, snacks, and beverages for 7 consecutive days, and all collected records were checked by trained registered dietitians, which made it possible for our study to examine within-and between-individual variation in dietary polyphenol intake.
In conclusion, the present study showed that Japanese male workers consumed 9656471 mg/d of polyphenols on average, and the CV w for polyphenol intake was intermediate (43.6%) between those of the other nutrients but the CVb for polyphenol intake was largest (45.9%) among the nutrients. These findings should assist in future estimations of dietary polyphenol intake with adequate precision. Further studies will be needed to investigate within-and between-individual variation for dietary polyphenol intake in other populations, because the intake patterns of polyphenol vary among countries and/or populations with different characteristics.
